Jfﬂl .,-" ARR No. L5F28

. %5 947 #

_ NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

¥\\ -

WARTIME Rl* PORT

ORIGINALLY

August 19l|-5 as
Advence Restricted Report L5F28

WIND-TURNEL TESTS OF SPOILERS ON TAIL SURFACES

By Robert B. Liddell

Langley Memorial Aeroneutical Laboratory
Langley Field, Va.

-
v
"

WASHINGTON

NACA WARTIME REPORTS are reprints of papersoriginally iasued to provide rapid dstribution of
advance research results to an authorized group requiring them for the war effort. They were pre-
viously held under a security status but are now unclassified. Some of these reports were not tech-
nically edited. All have been reproduced without change in order to expedite general distribution.

L - 260




3 1176 01364 9886
NACA ARR No. L5F28
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE RESTRICTED REPORT

WIND~-TUNNEL TESTS OF SPOILERS ON TAIL SURFACES
By Robert B. Liddell

STUMMARY

Wind-tunnel tests have been made in two-dimensional
and three-dimenslonal flow to investigate the aero-
dynamic characteristics of spollers on tall surfaces
for low-speed flight.

The test results i1ndlocated that spollers on tall
surfaces showed little possiblility of replacing conven-
tional control surfaces. Spollers might be used as
auxlilliary alds to conventional control surfaces 1f a
number of the dlssdvantagss that they present can be
remedled or tolerated. These dlsasdvantages conslsted
principally of high drag, erratic action, and an adverse
effect on normal control-surface hinge moments.

A spoller on the forward portlion of the tall surface,
used alone or in conjunction with the conventlonal control
surface, gave unsatlsfactory results because of 1ts erratic
effect throughout the angle-cf-attack range. Spollers
generally should be located on the rear portion of the
tall surface, but an auxllliary forward spoiler might be
advantageous in depressing the tall in the lecnding
maneuver, A forward auxillary spoller should be located
on the orposite slde of the tall surface from the rear
spoller, since two spollers on the smame slde of the taill
surface tend to cancel the effects obtained by the use
of either spoller alone.

INTRODUCTION

A number of modern alrplanes have encountered
difficulty in landing because of inadequate elevator
control. Very large control deflections are required
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for landing because of thé marked increase in longltudinal
atabllity that results from the proximity of the ground.
The large elevator defleotfdns required to attaln the
landing attltude cause the mechanical advantage of the
control system to be low and the elevator hinge-moment
coefficlents to be high. These two factors result 1In
high stlck forces &t both high und low speeds. Often
the control forces necesasary to trim the asymmetric
vawing mom3nts on single—engina airplanes with single-
rotating propellers and on multlengine alrplanes with
asymmetric nower are also excessive. In many cases the
ruddsr effectiveness 18 1nsufficient even 1f the control
forces are small.

It has been sucgested that snollers might be used
as supnlementary or auxlliary. controls to reduce some
of the control difficulties just mentioned. Tests have
consequently been made &t varlous times in the Langley T-
by 10-foot tunnel c¢f spoller-elsvator controls on three
complete alrplane models. An WACA 0009 airfoll with
various sp01Jers end ccmbinations of spcilers also was
tested In two-dimenslonal flow in the Leangley L- by
6-fool vertical tunnel.

Tr.e purpose of the vpressnt report 1s to collect,
summarlize, and analyze the data that huve heen obtalned

on ths avnlication of epollers te tall surfacss tor the
critical contrnl conditlon at low s»noad.

SYMBOLS AND CORRECTIONS
~m:bols us=2d for tests 1In two-21imensional flow are
a8 follows:
c1 alrfoil scction 1irt coefficicent

ca airfoll soctlion prolflile-drag coefficient
o

Cm elrfoil section pitehing-mement coerfil-
m
cient

2
ac he
Cn flap section hings-noment coefrficlant
f qcf2

2

h
cht tah sectinn hilnge-moment coefflclent < t>
acg
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alrfoll section 1ift, pounds

‘airfoll sectlion profile -drag; pounds --.—.

alrfoll sectlon pltching moment, foot-pounds
flap section hinge moment, foot-pounds

tab sectlon hinge moment, foot-pounds

dynamic pressure, pounds per square foot (;pv%)
chord of alrfoil section (2 ft)

flap chord, feet

tab chord, feet

angle of attack for infinlte uspsct ratio

deflecticn of flan with reapect to alrfoll, degrees;

posltive when trallings edg: 18 moved down

defleacticn of teb with reapsct to flap, degrees;
positlive when tralllng sdge 1s moved down

muss density of alr, slug per cublc foot

alr veloclty, feet per second

Symbols used for tests in three-~dluenslional flow are

as follows:

1ift coefficlent <!i>
resultant-drug coefficlent (L,)

pltching-moment coeflflclient \>
gsSe

s

2

elevator hinge-moment coefficlent
qbe'é'e
resultant drag, pounds

1ift, pounds

pitching moment, foot-pounds



NACA ARR No. ISF28

elevator hinge moment, foot-pounds
dynamic pressure, pounds per square foot <%pv%>

wing area (9.4 sq ft for model A; 6.65 sq ft for
model B)

wing mean aerodynamic chord (1.36 ft for model A;
1.07 £t for model B)

span of elevator (2.50 ft for mcdel A; 2.79 ft
for model 3)

root-mean-square chord of elevator behind hinge
line (0.199 ft for model A; 0,160 ft for
mocdel B)

angle of attack of fussluge reference line, degrees

elevator deflectlon, degrees; positive when
tralling edge 13 noved down

deflection of ruider with respect to fin, degrees;
posltive when tralling edge is moved to left

flap deflection, degrees; positive when tralling
edge 1s .moved down

angle of stabllizer with respect to fuselage refer-
ence llne, degrees; posltive when tralling edge
1s moved down

mass denslity of alr, slug over cublc foot

alr veloclty, feet ver szcond

angle of yaw

average chcrd of horizontal tail (0.637 £t for model A)
chord of horlzontal tall at any voint along snan

height or chord of spoller; expressed in fractlon

of Ctgy ~OF model A end c¢ for model B

projection of spoller mesasuvred rerpendicularly
from tcp edge of spoller to surface of tall;
nositive when spollar projects from lower
surface and negatlve when sroller projects
from unper surface; sxrressed in fraction of
Ctpy JOT modal A and cy for model B
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Subscripts:
P forward “'
R rear

Tunnel correctlions were applied to the alrfoll sec-
tion 1ift coefficient c¢; as explained in reference 1.

No correctlions were applled to the alrfoll section
pltching-moment coefflclent ¢ or to the alrfoll sec-
tion profile-drag coefficlent Cdge al though the values

of cdo presented may bs too large as explalned in

reference 1. The angle of attack was not corrected, but
thls correction would he qulte smnall,

APPARATTS, MODEL3, AND TESTS

Two-Dimensional Flow

The soction cata presented herein wers cbtalned
from tests made in the Laagley li~ by &-foot vertical
tunnel (raference 2) modified as discussed in refer-
ence 3. The 2-foct-chord by lj~foct-span model was made
of laminated mahogany and conformed to the NACA 0009 pro-
fl1le., The alrfolil proflls wlth spollers In forward and
rear locatlons 1s shown 1in figure 1. The model had an
enclosed hinge-monient balance for measuring the hinge
moments of the 0.%0c¢ plaln flap. The spollers were made
of sheet steel 1/32 inch thick, had spcns of 4 feet, and
were orojected 0.0lc, 0.03c, 0.06c, and 0.09c at the for-
ward location and 0.0lc, 0.025¢, 0U.05c¢, 0.10c, and 0.l5c
at the rear location. The srollors were screwed to the
model at right angles to the surface, and strips of
cellulose "scotch" tape were ussed to prevent air flow
under the snollers.

The tests were made at an average dynamlc pressure
of 15 pounds per square foot, which corresponds to a
velocity of 76 mliles ver hour under standard conditions.
The test Reynolds number was 1,)130,000, and the effective
Roynolds number was 2,765,000 based on a turbulence
factor of 1.93 for the Lengley L- by 6-foot vertical
tunnel. A résumé of the tests in two-dimensional flow
1s given In table I.
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Three-Dimensional Flow

Three low-wing complete alrplaene nmcdels were tested -
in the Langley 7- by 10-foot tunnel, which 1s described
in reference 1. 7Tests were mads of a nodel of a single-
engine fighter alrplane with single-rotating propeller,
which 18 referred to hereln as "model A." Other tests
were macde of a single-engine bomber-torredo model with
dual-rotating propeller, which 1s referred to herein
as "model 'B." A few tests were made of a thlird com-~
nlets model of a tryplcual fighter alrplane to find the
effects of elevator nose gan» on the characterlstics of
a tall with a spoller,

The ground was slmulated by a flat wooden bouard
extending comnletely across the tunnel and several feet
aliead of and bhehind the model. A complete dsescriptlon
of thls ground board ls glven 1a reference L. The
grecund board was sdlusted so that 1t was almost tangent
to tre froant wkzels of the landing gear at an angle of
attack of 0° - the wheels actuallw never made contact
with the grourd Dboard.

Model A.- A threa-vliow Crawing of model A l1s shown
in figure 2. Yhen the mcdel was set at the angle of
attack for maximum 1ift coefficilent (15°), the landing
gear wus about 1% inches ebove the ground board.

The spollers had spuns of 73 percent of the
horizontal~tull span and were made 1n two sectlons,
which werse mounted symnetrically on each half of the
horizontal tall. 05ingle apoilers with chords of 0,06,
0.05, 0.15, and 0.25 of the average tall chord were
tested. For most of the tests, the srollers were mounted
parallel to the tralling edge of the taill at 67.7 percent
of the averapge tull chord (fig. 3(a)). A few tests were
made wilth combinatlons of two spoilers mounted as shown
in figure 3(b).

All tests of mecdel A were made at a dynamlc nressure
of 1.09 pounds per squsre foot, which corresponds to a
veloclty of about L0 mlles per hour and to a test Reynolds
number of ahout 497,000 based cn & mean aerodynamic chord
o® the model wing of 16.32 inchas. Tha effectivs
Rewnolds number was about 795,000 besed. on a turbulence
facter of 1.6 for the Langley 7- by l0-foot tunnel. All
tests wore made with the propeoller windmilling.
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Tests were made wlith spollers of several chords,
for which the spoller projectlion was equal to the chord.
As a basls for comparison, tests were made with the model
near the ground board, the spllt flaps neutral or
deflected 1159, and elevator Geflectlions (plaln elevator
with gap sealed) rangling from 0° to -45°. A few tests
were made with a fixed-chord spoller at projections that
Introduced a gap between the spoller and the upper sur-
face of the tall. Combinatlions of svollers were also
tested on the upper and the lower surfaces of the tall.
A résumd of the tests of model A 1s glven in table IT.

Modél B.- A three-vliew drawing of model B 1s
shown In TIgure L, and a dlagram of the model mounted
near the ground board 1s shown in figure 5. The horil-
zontal tail (flg. €(a)) was tested in the normal locatlon
or raised l;.0 inclies as shown jin figure 6(b). The vertical
tall was removed for a'll teats wilth the raised horizontal
tall, since data not vresented show that the vertical
tail has no effe=t on the longltudinal stabllity charac-
teristiecs,

The dlmenslons and locatlon of the spollers tested
on the horlzontal tell ure shcwn in filgure 6(a). Since
the taill thlcknassa at the statlon st which the spollers
were located was 0.10 of the tall chord, thils
thickness determined the maxlinmum spoller projectlon that
could be retracted into the tall perpendicular to the
chord 1ine. In adcitlon to the spollers of muxlmum
helght, spollers of 0.0lcg, 0.025cy, and 0.05cy were
tested. The spollers were constructed of stesel nlate
1/52 inch thick and were fastersd to the tall surface
by means of small metal angles,

All tests of model B were made at a dynamlc pres-
sure of 1€.37 pounds ver square foot, which corresponds
to a wwlocity of about 80 mliles per hour and to a test
Reynolds number of about 800,000 hased on the wing mean
aerodynamic chord of 12.51 inches. The effectilve
Reynolds number was about 1,286,000 based on the
turbuvlence factor of 1.6. All tests were made with
the propeller windmllling and with the model 1n the
landing conflguration, wilch 1s definsd as follows:

Inboard-flap deflection, Gfi’ deg. « + « +« o« « « o« « 5O

Outboard-flap (balanced split) deflectlon, Of s

des L ] [ ] L] L] [ ] L] L L] * * * L] L ] L ] L ] L ] L L L] * L * 50
Cowl=-flans doflsctlon, afc, BE ¢« « ¢ o+ ¢ o o o s o o 25

Landing gear and slats . . . . . « « ¢« « « « « Bxtended
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Tests were made with elevator alone and wlth spoller
projections of 0.0ley, 0.025¢t, 0.05c4, and 0.10cy

for the horizontal tall in its normal location.
Elevator tests without a spoller and with a spoller
projection of 0.10cy were made for ths horlzontal tall

in 1ts raised location. A résumé of tests of model B
1s glven 1n tables III.

Blevator gap.- A drawing of the horilzontal tall
and a 0.008cy spofler on the model tested to find the
effect of seallng ths elevator gap 1s shown 1n flgure 7.
Four tests were made with thie nose gap sealed or unsealed
and with or wlthout a spoller.

Elevator deflectlon required to land.- Some data
on th3 elevator dellecticn wequired to land were compiled
for various fighter models tested 1n the Langley 7- by
10-foot tunnel. ‘Thesse modals ware tested near a ground
board, and the data are presented in figure 8.

All of thie data from tests In three-dimensional
flow, except those for model A wilth flans retracted,
are uncorrected for tares due to the model support.
No corvectlons for tumel-wall effect have been applied,
since reference !, indicetes that the tummsl ccrrection
for tha ground-board test installation 1s negligible.
All forces and moments for models A and B are glven with
respect to the wind axas of tle models; center-of-gravity
locations shiown In flgures 2 and 5 are used.

RESULTS AND DISCUSSION

Two-Dimensional Flow

The results of the tests in two-dimenslional flow
are glven a3 sirioll aerodynamlc section characterlstics
in figures 9 tc 1%. For the purwose of showing the
osffectivensss of the various arrangemsnts, lncrements
of ssction 11ft coefflcient and flup sectlon hinge-moment
coefficlient uare piottad against flap defllsction and
snoller projection in figures 17 to 26.

Flayp alone.- The surves of figure 9 show the effect
of flap deflection on the aerodynamic section charac-
teristics of the plaln airfoil. Increments of 1ift and
hinge-moment coe?flcients vbroduced by flap deflection
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obtalned from flgure 9 for various anglea of attack are
presented in figure 17. These curves are a basis for
the comparison of the effectiveness of various combina-
tions of spollers or of spoilers and flaps.

For the landing maneuver, a -30° deflection of a
0.30¢ flup 1s usually sufficlent for a conventlional
fighter airplane., The angle of attack of the tall 1s
approximately 8° in landing. A flap deflection of -30°
was not tested but, for a flap deflection of 30° and an
angle of attack of -8° (reference 5), which can be used
since the alrfoll 1s symmetrical, the data of figure 17
Indicate that the increment of airfoll section 1ift
coefficlent would be about -1.07. Any satlsfactory
arrangement of svoller or of spoller and flaP therefore
should develon about this lncrement of alrfoll sectlon
1ift coefficlent.

Rear sonller ulonsa.- A rear snoller alone on the
upner or lower sSuriace arpears to be usable as a control
device (figs. 10 and 13) except for 1ts lneffectiveness
In producling changes 1n 11ft at low spoliler projections.
This ineffectlivenets annarently occurs at all anzles of
attack wlthin the range investlgated but 1s less marked
at large pos*tive angles of attask flor npper-surface
spollers. The lneffectivenesas of thls spoller in
Increasing 1ift might be a dlstlinct cisadvantage during
high-snved maneuvering. The data of reference 6, how-
ever, indlcate that rear spollers used for lateral
control at high sneed on wings show no olbjectlonable
lag in effectlvennss with projection. The present data
thus are not concluslive for high-speed flight.

The slope of the curves of lift-coeffilclent Iincre-
ment for ths rear spoller (fig. 13) 1s similar to that
for tha nlaln flap (fig. 17). Except for the range in
which the spoiler is 1Ineffectlive, a spoiler nronjection
of about 0.05c corresponds to a flap deflsction of
about 10°0,

A serlous disadvantage of the rear spoller alodne
1s 1ts excesslvely large drag &t large projections. It
1s estimated that, 1f a high-speed fighter airplane
required an elevator deflection of 10° in a tight turn,
the drag of an equdlly effective spoller would be about
13 times the drag of the elevator. This high drag would
produce & stabllizing moment unfavorable to depressing
the tall in the landing maneuver.
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Forward spoller alone.- With the spoller at the
0.15¢ Tocation, Ths values of the lift-coefficient
Increment vary erratlcally wlith changes 1n spoller
helght ard angle of attack (figs. 11 and 19). With
the spoller on the upper surriface and the model at a
posltlive angle of attack, the lift-coeffliclent incre-
ment lncreases negetively with an increase In spoller
projectlon; wltk the spoller on the upper surface and
the model at a negatlvs angle of attack, the lncrement
Increases positlively. Wlth the spoller on elther sur-
face and the model at a low ungle of attack, the results
show an uncertala varlation 1n the increments of 1ift
coefflclent and flap hinge-moment coefficlent. The
forward spoller caused all the aerodynamlc coefflclents
to vary erratically throughout the 1ift range.

Forward spoller and flap.- In an effort to study
the performance ot the nodel with the forward spoller
and the Ilap orerating simultaneously, the data of
flgure 12 were replottad in flgures 20 und 21 with a
spoller projevcting G.05¢ for wvery 10° of flap deflec-
tion. A comparlson of figures 20 and 21 with flgure 19
Indlcates thuat deflecting the flap In conjunction with
the spoller 1iucreases tiie negstlive value of 4ac; at a

positive angle of attack; but, as with the forward
spoller alone, the results are uncertaln at zero and
negatlve angles of attack.

An improvement 1n performance seemed posslibls by
use ¢of a delayed-actlion spoller, Such a condition was
Investigated with the spoller remaining wilthin the alr-
foll contour until the flap was deflected -5° and then
projecting 0.05¢ for evary 10° of flap deflection
(fig. 22). Thls arrangement nrcved only slightly better
than that 1n which the flan and snoller operated
simul taneously, and the results are sti1ll uncertaln at
zero and negative angles of sttack.

The forward spoller on the upper surface was tested
with ths tab deflected t15° and ths flap neutral, and
the results are pressnted 1n flgure 13. Although no
analysis of these data was made, 1t 1s obvious that
this comblnatlon has the same characteristlcs as the
forward spoller and flap comblnation.

The forward spoller alone or 1In comwblnatlon with a

flap or tab avpears to be unsatlsfactory, because of the
difference 1n the effect of the spoller at nosltlve and

——————————
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negative angles of attack. The flap hinge-moment coef-
ficlents -are also very erratic when the forward spoiler
1s projected (figs. 11 to 13).

Comblnation of forward and rear spollers on upner
surfaceé,- From the data ol Ilgure 1ll}, the curves ol
TIgures 23 and 2l were plotted to show the effect of
two systems of operation of double spollers on the
uppe:r surface of the alrfoll, With the two spollers
operating simultaneously (fig. 23%), the effect on 1lift
at an angle of attaclz of © gt small spoller projec-
tlons 1s of the same magnitude as wlth the rear spoller
alone (fig. 18). A%t angles of attack of 0° aend -8°, the
two spollers tend to cancel the effect produced by
elther one acting alone. With the delayed-actlion
system (fig. 2l;), the results at all angles of attack
ere too erratic for thls syastein to be used as a control
device. The sectlon data for the double-spoller arrange-
ments show the same erratlc characteristics (fig. 1)
as noted for the forward spoller alone.

Comblnations of srollers on upper and lower
surfaces,.- Data [or varlous comnbinatliIons of rear
spolle?r on the lower surface and forward snoiler on the
upper surface are given In filgure 15. At any partlicular
ccnstant value of forward-spoller helight and angle of
attack, projecting the rear spoiler increases the 11ift
positively. In order to aprly the data of fizure 15
Glrectly to the landing problem, 1t therefore 1s necessary
to think of the comblnatlon as a forward spoliler on the
lower surface and a rear spoller on the upper surface
with the signs of the angle of attack and the 1ift coef-
ficient reversed. Thils assumption 1s valid because the
alrfoll 1s symmetrlical and the flap and tab were not
deflected.

Data are presented for a rear spoller on the upper
surface and a forward spoller on the lower surface in
figure 16. These data are a replot of some of the
curves of fligure 15 with the slgns reversed to glve a
negative Increment of 11t coefficlent with an 1ncrease
in spoller helght and wlth a constant proportional
varlation in the helghts of the forward and rear spollers,

Increments of alrfoll section 1lift coefflicient as a function
of svoller projection are presented in figures 25 and 26 for
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combinations of forward and rear spoller. The combina-
tion spollers have very high effectiveness for positive
angles of attack and apnear to be satlsfactory for
depressing the tall of an airplane iIn the landing
maneuvar. The combination with a delayed-action
forward spoller (fig. 26) 1is more affective than the
combination with spoilsrs ecting simultaneously at an
angle of attack of 0° but 1s less effective at an angle
of attack of 8°, ®ven these combinations, which were

vary effective for the landing maneuver, could hardly
be used alone as a pltch or yaw control device because
of their erratic and adverse effects throughout the
angle-of-attaclkk range.

Compiete lloGel A

Effoct of elsvator Aeflaction.~- The effoct of
elevator cdeflection on the asrodynamic characteristics
of medel A near the ground bocard is shown In figure 27.
With the flaps elther nsesutral or deflected, an elevator
deflection of -30°0 is raquirsd to trim the model at
maximum 1ift. As may b3 expacted the h¢nge-moment
coefflclents are high at the slevator @eflesction for
trim., The stick torces, based on these kinge-momant
coefficlients, for an actual airrlane in the landing
maneuver would be high but not excesslive.

Effect of spoller projection.- The effect of
spoiler projectlon on tune aerocnamic characteristics
of model A 1s shown in Ffigure 28. In these tests the
spoller projections were equal to the spoller chords.
The data show trat a spoiler chord of at least 0.15¢ct,,

is required to trim the model near meximum 11ft with
tha flaps elther nsutral or det'lected.

Effect of sgoiler gap.~ The eflect of snoller gap
cn the a>rccynaniic charactsristics of model A with a

spoller of constant chord (spoiler on upper surface) 1s
shown In figure 29. The maxlimunm effectiveness 1s obtalned
when the spoller projection is equal to the spoiler

chord. Tie eflectiveness decreuses when the projection

1s greater than the chord; that i1s , when there 13 a gap
between the surface of the tall and the lower ecge of

the spoiler. Thls loss 1n effoctiveness increases with
an increase in gap between the spoller and tall.
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Effect of spoller combinations.- In an effort to
increasSe the effectiveness.ol .the.spollers, two com-
binations of spollers having different chords wers tested
on model A ‘and the 1results are shown in figure 30. With
both spollers on the upper surface, the effectiveness ls
less than the effectlveness of a 0.06ctav rear spoller

alone (fig. 28). This result 1s in agreement with the
results of the section deta previously dlscussed, which
indicate that two sncilers on the same surface tend to
cancel the eflects of each other. With the forward
spoller on the lower surface and the rear spoiler on
the upper suvrface, however, a quite effective comblna-
tion 1s obtained and it is necessary to nroject the
rear spoiler only -0.09ctav and the forward spoiler

only -0.0€ctav (fig. 30) to obtain the same effec-
tlveneas as for the '0-l5°tav raar spoller alcne

(fig. 23). TIT spo'lers were used Iin landing an alir-
plane, the use cof rfoubls spollers rather tran a rear
spoller alcnue weould be advantugeous, since a 0.15ctav

rear spoller migit prove éifficulb tc retract within
a tall surface ccntour of normaol thickness,

Comrariason ¢f eleavators ané swollers.~- The elevator
defle¢Tidns  amd TIe srciler pro_ecficnd required to trim
model A at any glv-en 11f. coeiflclent are stown in flg-
ure 31. A 3-nercsent swoiler projisction genarally is
equally as effective as an elsvator defloctlon cf 1©.
Since ths spollers on tihls model spunn2d 78 nercent of
th? tall span, trils relative arfectliven=ss 1is *n very
clirse agrecemont witlh the relative sffectlienoss of the
spoller-flep arrangement of the model in two-dimeaslional
flow.

Cormplete Mocel B

Tha effacts on thLe aerodyncmic characteristics of
various elevator dellectlorns andé spoiler projections
wlth the hcrizontal tall of model 3 in poilr l1its normal
and raised locutions ara chcam in fijures 22 tc 4.

In order tc analyze tre nertinent information provided
by these data, the elevator derlection required to trim
is plotted sgalnst the model angle of attuck (fig. 35).
The results (fig. 35) are presented for a forward center-
of-gravity location of 0.1lljc' for a stab’lizer setting
of -1.4°. The center-of-gravity locatlion used in this
analysls 1s the mest forward, since 1t would be the
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critical location inlanding. A stabillizer setting of ~1.4°
1s used since 1t has been estimated that this setting
would be required for the elevator to have a deslrably
small positive deflection for a normal center-of-gravity
location at high speed.

The elevator of model B was not sufficlent to trim
the model near the ground &and thus spollers were used to
provide auxillary negative 1lift near the ground.

Effect of tall location.~ With the tall in the
normal location (flg. 35), & 0.10cy spoller and an
elevator deflection of 25° are required to attaln the
landing attltude. The curves of figure 35 show that,
1f a spoller 1s 1linked so that 1t projects in propor-~
tion to the elevator deflection, the resulting com-
tination glves setlsfactory trim churacterlstics,

With the 0.10ct spoller, the slevator doflectlon
required to land 1s less with the raised tall than

with the tall in tho normal location. The reason

for tke lurger elevator deflsction required for thse
raised tall without spollers seems to be an unexplained
decrease 1ln elevator effectiveness. The data also indi-
cate that spoller effectiveness decroases considerably
as the eglevator dsflection 1s 1irncreased.

Effect of spollers on stick force.- From the data of
figures 32 to 54, the stick force required to trim
model B near the ground has been estimated for a full-
8cale alrnlane and the results are presented in fig-
ure 36. The addltion of & spoller ceusas an unfavorable
varlation of stick foree with angle of attack. The
elevator overbalance, at large spoiler prolections and
elevator deflections, occurs because the spoller in
front of the olevator daflects the alr so that the
load on the portion of the elevetor behind the hinge
1ine 1s decreased. The elevator halance, which has
been little affected by the svoller, contributes 1ts
full influence ond overhalance thus results. Spoilers
used In conjuaction with the elevator or rudder would
not be deslrable because of the erratlic und overbalancing
effect nrocduced on the hinge moments of the conventlonal
control surface.

Fffect of spoller combinations.~ Model B was tested
with varlous spoller comblnations In an attempt to
determine their relative merits. The results of the
tests (fig. 37) are qulte erratic, probably because of
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the nonuniform varlation in downwash angle and dynamie
pressurs .at .the .tail throughout the angle-of-attack
range for model B. The average downwash angle “through-
out the model sngle-of-attack range 1s about 6.5°., The
large change 1n the slope of the pltching-moment curves
thus occurs 1n the reglon of low angle of attack at the
tall. The forward spollers, as well as combinatlion
apollers, generally cause a large unfavorable change

in trim 1n the region in which the model angle of attack
1s low and ths tall angle of attack 1s negative. The
erratic and often adverse effect of forward spollers at
low and negatlve angles of attack 1s also evlident in the
sectlon data previously dlscussed.

The comblinatlons of forward apollers mm the lower
surface and rear srollers on the upper surface are
effective at poslitive tall ungles of attack but have
the same dlsadvantaszs as all forward spollers in that
thelr effoct 13 advarse at lcow and negatlve tall angles
of attack. Spollers nn model B as well a3 model A
showed llttle possibility of renlaclag conventlonal
tall control suriuces on airplanes hut might be used as
auxlllary control devicesa I1f a number of the serlous
Glsadvantages that they present cen be remecdled or
tolerated.

The resason the nitching-moment curve of model A
(fig. 37) d1d not show an irregularity as did the
pltching-momant curve of model B wlth comblnatlion
apollers 1s unlnown, but the difference mizht be
caused by the exlstonce of a more rezular flow fleld
near the tall of model A.

Effect cof elevator gan behind spoller.- The data
of flgures »5 and %5 obtained In three-dimenslonal flow
Indilcate that the effectiveness for a smsll spoller projec-
tion 1s larger than sectlion data iIndicate. Thls change
In effectlveness for small spoller projections was
thought to be some functlion of the elevator gapn. A
foew tests of a typlcal flghter model were therefore
made to determine the effz2ct of elevator gap on
spoller effectiveness. Theose teasts were made with the
model not 1n the nresence of a grecund board, but this
condltion should have little effect on ths relative
merlts of the varlous arrangements tested. A 0.008cy
spoller was used and the results show that a gap behind
thls small spoller causes the spoller to become very
effective (fig. 30). The small spoller causea a large
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negative peak pressure near the gap, which induces a
large air flow through the gap. "The flow through the
gap results in an upwash much the same as that obtained
by deflecting an elevator upward. This increase in
spoiler effectiveness by the use of an elesvator gap has
previously been reported (reference 7). If spoilers
were used on airplane tail surfaces, it therefore would
be a definite advantage to locate them just ahead of an
unsealed gap or slot through the tail surface.

CONCLUSIONS

Spoilers have been tested at 'low spsed on a model
in two-dimensional flow and on the tail surfaces of
three complete airplane models. The following con-
clusions were drawn from an analysis of the results of
these tests:

1. Spoilers showed little possibility of replacing
conventional tail control surfaces.on airplanes but
might be used as auxiliary control devices if a number
of the- serious disadvantages that they present can be

ottt

remedied or tolerated. These disadvantages and problems,

however, were quite serious and the widespread use of
spoilers on tail surfaces does not avpear likely.

2. Spoilers generally should be located at the
rear portion of the tail surface. It might be advan-
tageous, however, to locate an auxiliary spoiler forward
on the lower surface of the horizontal tail in order to
aid in depressing the tail in the landing maneuver., In
flight, the use of this auxiliary spoiler, when spoilers
- alone are used for landing, might be necessary if the
spoiler projection on the upper surface were limited to
the airfoil thickness.

3. A forward spoiler alone or in conjunction with
the conventional control surface gave unsatisfactory
results because of its erratic action throughout the
angle-of-attack range.

ly. A forward auxiliary spoiler should be located
on the opposite side of the tail surface from the rear
spoiler, since two spoilers on the same side of the tail
surface tended to cancel the effects obtained by the
use of either spoiler alons.
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5. A gap between the spoiler and tail surface
resulted in a loss in spoiler effectiveness that
increased with an increase in gap.

6. In flight the drag produced by a spoiler used
to replace a conventional control surface would be
many times as great as that of a conventional control
surface. A tail drag ol large magnitude would be a
decided disadvantage.

T, The ineffectiveness for small spoiler projec-
tions might be eliminated by locating the spoiler just
ghead of an unsealed gap or slot through the tail
surface.

8. Spoilers used in conjunction with the elevator
or rudder would not be desirakle hecause of the erratic
and overbalancing effect produced on the hinge moments
oX the convzniticnal contrcl surface.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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TABLE I.- RﬁSUlIE’ OF TESTS IN TVO-DIMENSIONAL FLOW

19

Forward~| Rear spoller Flap Tob
spoller : - -
Tost [toleht | otght el e Figure
frac- frao- |Surface
tion o) |tion c) (deg) | (deg)

1 | None 0.01 Upper 0 0 16

2 | 0.01 025 | Upper U(a), 16

3 .025 | Lower 15(a)

I .05 | Upper Uya)

5 .05 Lower 15(a)

6 .10 Upper Uy ad

7 .10 Lower 15(a)

8 .15 Toner U(a)

9 .15 Lower 15(a)
10 None | ====- v 11, 12(a)
R I S N T [, 19 12(a)
12 ————— 1D 12(a)
B | | [ [ ----- 2) NP 12(a)
1, i —-emm | =20 12(a)
15 R 0 15 12(a)
16| V ) R [— -15 55(b)
17 .0% 0.05 Unper 0 Uy(v), 16
18 .05 Lower 15(b)
19 .10 Uoper Uy(b)
20 .10 Lower 15(b)
21 .15 Upper 1(1b)
22 .15 Lower 15(b)
23 None | =---- v 11, 12(b), 14(b), 15(b)
eh{ | O} 1 | =m——- 10 12(1b)
-2 I T Y e -10 - 12(b)
%6 | | | | ----- 29 ¥ 12(1b)
2k 0 D O -20 12( 1)
28 J, ----- 0 15 13(a)
29| VvV | V| eeee- 0 =15 13(b)

NATTONAL ADVISORY
COMMXITTEE FOR AERONAUTICS
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TABLE I.~ RE’SUME’OF TESTS IN TWO-DIMENSIONAL FLOW - Concluded

Forward-

Rear spoller

spoller Flap Tab
Test | helght |Height del-eo-dellea- Figure

(frac- |(frac- |Surface (deg) (; )

tion o) |tion e) °& °8
20 0.96 2.10 Upper 0 0 U(o), 16
z21 .10 Lower 15( e)
32 15 | Upper 1( o)
33 .15 | Lower 15( o)
3L None | =---- 11, 12(e), U(e), 15(0c)
120 R S N B BE PR 10 12( o)
6| | | | | ----- -19 12(¢)
3T | V| 1 ] ==——- 20 12( c)
28 | ===-- -20 v 12(e)
39 | | | | ----- 0 15 13(a)
Lo v Jf ----- -15 13(b)
L1 «9 0.10 Upper 0 1(d)
L2 .10 Lower 15(d)
L3 .15 Upper 1U(d), 16
LL .15 Lower 15(d)
,45 None | -=--- 11, 12(d), ]J-I'(d): 15(d)
W 11 4 | - 10 12(4)
Ty A D R A -10 12(4)
ks t 1 | | | m=--- 29 12(4)
b | { ] | |----- ~20 \4 12(d)
5 1 L - 0 15 13 (=)
51 v | | | == =15 13(b)
52 None | | | ===-- 15 13(a)
5 | | I 1 | e=---- J/ -15 13(b)
YT I N SR (R (R 0 9, 10, 11, 16
5 |t | | | === -1 9
s6 { | | | {----- -20 9
5T | | | | === 10 ' 9
58  Z0 [ 20 r9
59 0.025 | Unper 0 10
én .05 Urper 10
61 .10 Upper l 10
& v .15 | Upper N 10

NATIONAL ADVISCRY
COMMITTEE FOR AERONAUTICS




NACa ARR No, L5F28

21

U4 7/
TABLE II.- RESUME OF TESTS OF ‘/ODEL A

EI‘hree-dimensiona.l flow; complete model; landiny gear down; b, = Oﬂ

Test be ig be s bs
(deg) |(deg) |(deg) | (fraction og, I fraction oy ) Figure
1 0| 2.25 0 None None 27(a)
2 -10 27(a)
3 =15 27(a)
L =20 27(a)
5 L5 27(a)
7 { .09 -.09 26(a)
8 , | .15 -.15 28(a)
9 |V \'% .25 -.25 28(a)
10 | L5 2.00] V¥ None None 27 (L), 28(b), 29
11 =10 | 27(b)
12 -15 7(b)
13 1 =30 2,{v)
L 0 0.06 -0,06 25(b)
15 .09 -.09 28(v), 29
16 .15 -.15 28(1b)
17 .25 -.25 2”(b)
18 '0? "'15 29
13 4°99 -.21 29
'09 --09
20 {b.oé t..06 50
'3.09 a--09 0
&l | v \4 v {b.os b,06 3

SRear spoiler in comtination.
Forward spoller in combinationm,

NATIONAL ADVISORY
COMMITTEE FQR AERONAUTICS
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NACA ARR No. L5F28 Fig. 27a
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Fig. 28b NACA ARR No. L5Fr28
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Fig. 32a ’ NACA ARR No. L5F28
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Fig. 32c NACA ARR No. L5F28
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Fig. 32d NACA ARR No. L5SF28

de
2 .
AN
S | 78 \ﬁ%\?"‘
1S 40| R
3 K%;‘
% 0
S 4
§ _‘2 ‘—/0 QQ
> a-15 O
. v -20 5
§ ° 25 ¢ A
X -3 a 230 §
AS)
4 %
° %
I\
2 é
: §
>
g 3
2 )
% 0
& NATIONAL ADVISORY
Q,_a COMWITTEE FOR AZRORAUSTICS.
L
< .
_,6 0

4 8 2 w 20
Lift coefficlent, G
@) 0.05¢; spolier.
Figure 32.-Continued.




NACA ARR No. L5F28

Fig. 324 Conc.
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Fig. 33 NACA ARR No. L5F28
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&

‘\\

% Spoll

S oiler

& pr@ecf/on

L

o .04

(%) oo ko

IS A e;it’f/‘ ’

2, Tl Do
2 0256/ =T TN, PP
| ne’ %

3 OB s

S

< =04 v

N NATIONAL ADVISORY
& COMMITTEE FOR AERONAUTICS.
S| L1
o

W 0 4 16 20

8 12
Lir7 coefficient, C;
H'gure 33.-Concluded.




Fig. 34a NACA ARR No. L5F28

( ddé)
 (qe
i P
2 |~ J0 ™
-25
20 ~7 N
/ ) h\\\Q
g /0 A %@\
N pN
. 0 N
E 3%&
S ],
g 7 A
g NN
- NN
s 2 5o
g “\qﬂ 3 Q
g N Al
8 b
QU -4 3 8
o
N
—] 2 ~‘§
T
S
S (deg) ! §
8" /6 o O
. a -/0
S e
& —
g 6 . =30 .
B =2
e
3
J
NATIONAL ADVISORY
3 COMMITTEE FOR AERONAUTICS.
8‘ [
T 4

0 4 .8 12 16 20
Lift coefficient,C,

(a) No sporfer ; 4= 100°,

Figure 34.— Effect of elevalor deflection on tThe aerodynamic
characrerisiics  of moael B near ground. Propeller
winamilling ; landing configuration; hoFizontal Tail raised
40 ches; cenler of gravity at O/8c’.



NACA ARR No. L5F28 Fig. 34a Conc.

20

. RERER R
de NATIONAL ADVISORY |
@‘g) COMMITTEE FOR AZRORAUTICS.

J6 '?0‘\
|

d2 4

08 e w

\,\\

R
e T

o 4 8 /LR 16 co
Lift  coefficient, ¢

] @) Mo spoiler; i, =1.00"
Figure 34.- Continued.

Q

Lrevatar hinge-moment cocffiekr, G,
S :
A



Fig. 34b - ' NACA ARR No. L5F28
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